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R
esection of sacral tumors is one of the most difficult
operations in orthopaedic oncology because complex
anatomy and important internal organs in the pelvic
area make it difficult to achieve wide surgical margins1. Wide
resection of sacral tumors may lead to serious functional im-
pairments due to injury to important internal organs and/or
the lumbosacral nerve roots or through the disruption of load-
bearing through the sacroiliac joint.
Recent advances in diagnostic modalities facilitate better
surgical planning and can help in the performance of surgeries
as planned. Computer-assisted surgery has been used in or-
thopaedic operations such as cruciate ligament reconstruction,
hip and knee arthroplasty, and pedicle screw placement. The
main advantage of computer-assisted navigation over other
imaging modalities is that intraoperative identification can
increase the accuracy of surgical resection. We report a case of
sacral chondrosarcoma in which computer-assisted surgery
provided intraoperative real-time imaging, thereby allowing us
to achieve adequate surgical margins while preserving the sa-
cral nerve roots. Additionally, the tumor resection was carried
out through a posterior approach only. The patient was in-
formed that data concerning the case would be submitted for
publication, and he consented.
Case Report
Afifty-two-year-old man was referred to us with a longerthan five-month history of a dull pain in the lower back.
There was no evidence of a neurologic deficit in the lumbo-
Fig. 1
A T2-weighted spin-echo coronal magnetic resonance image showing a lobulated
lesion with a high signal intensity confined to the right sacral ala.
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sacral nerve roots. Systemic symptoms, such as fever or weight
loss, were absent. Plain radiographs of the pelvis showed an
osteolytic lesion at the right sacral ala. Magnetic resonance
imaging revealed that the tumor was located in the right sacral
ala, between the sacroiliac joint and the first and second sacral
foramina (Fig. 1). Computed tomography revealed cortical
destruction of the sacral side of the sacroiliac joint, but there
was no evidence of involvement of the ilium. Further evalua-
tion, including computed tomography of the chest and
technetium-99m diphosphonate bone scan, excluded distant
metastasis. An incisional biopsy was performed, and histologic
evaluation of the biopsy tissue was consistent with the diag-
nosis of grade-2 chondrosarcoma2.
Preoperative Preparation
The tumor extended superiorly to the right superior articular
process of the sacrum, inferiorly to the level of the second
anterior sacral foramen, medially to the first and second sacral
foramina, and laterally to the right sacroiliac joint. The goals of
surgery were to resect the tumor with a wide margin while
preserving the first and second sacral nerve roots. Because the
first and second sacral nerve roots were isolated from the
medial margin of the tumor by the cortical walls of the sacral
foramina, we thought that they could be preserved if a precise
dissection and osteotomy could be carried out with the help of
intraoperative computer-assisted navigation. The sacroiliac
joint, including the posterior third of the ilium, was also in-
cluded in the resection because the sacroiliac joint was con-
sidered to have been invaded by the tumor.
One day before surgery, with the patient under local an-
esthesia in the operating room, four Kirschner wires—one in
each of the two iliac crests and one in each of the two postero-
superior iliac spines—were placed as fiducial markers for regis-
tration. In addition, a multidetector-row computed tomography
scan (LightSpeed Pro16; GE Medical Systems, Waukesha,
Wisconsin) was acquired with use of the following protocol:
120 kV, effective 20 mA with 0.5-second rotation time, 20-mm
scan collimation, 27.5-mm table feed per rotation, and 1.3-mm
Fig. 2-A
Navigation images on screen provided an intraoperative three-dimensional orientation during the sacral
osteotomy through the first sacral foramen (Fig. 2-A) and during the iliac osteotomy (Fig. 2-B).
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reconstruction increment. The image data were transferred to
the navigation system (System II; Stryker, Kalamazoo, Michigan).
Operative Procedure
The patient was placed in the prone position. An inverted
Y-shaped skin incision centered on the S1 spinous process was
created to expose the posterior part of the sacrum and the
posterior third of the ilium. After soft-tissue dissection, a
dynamic reference-base was fixed to the spinous process of
L5. Patient-to-image registration was performed with two
methods to increase accuracy. First, paired-point registration
was performed with use of the four Kirschner wires (one wire
in each of the two iliac crests and one in each of the two
posterosuperior iliac spines) that had been placed as fiducial
markers. Second, we performed surface-fit registration with
use of the posterior surface of the sacrum. The registration
error was <1 mm. After right L5-S1 facetectomy and right S1
and S2 hemilaminectomy were performed, an osteotomy was
carried out along the S1 and S2 anterior sacral foramina with
use of a small burr (2 mm) and under navigational guidance.
An iliac osteotomy was also carried out under navigational
Fig. 2-B
Fig. 3
The gross specimen demonstrates that the tumor was excised with a
wide surgical margin as planned. The posterior portion of the ilium (I)
was included in the resected specimen. The sacroiliac joint was invaded
by the tumor (arrowheads). The anterior cortex (arrows) of the sacral ala
was intact.
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guidance. The location of the burr in spatial relationship to the
tumor was checked three-dimensionally with use of the navi-
gation system. Before proceeding with the osteotomy of the
pelvic ring, we first marked all of the osteotomy sites with
the help of computer-assisted navigation, as an osteotomy
of the pelvic ring could potentially disrupt the previously
set spatial relationship between the registration points and
the reference frame. An osteotomy through the sacrum was
performed first because we regarded this step to be the most
technically demanding for achieving an adequate surgical
margin (Figs. 2-A and 2-B). With use of the navigational
system, resection of the sacral tumor was performed through
a posterior approach, avoiding the need for combined an-
terior and posterior dissection. The dissection of the anterior
surface of the sacrum was achieved through the iliac oste-
otomy site. Blunt dissection was performed along the plane
between the anterior surface of the sacrum and the piriformis
muscle. The tumor was excised with a wide surgical margin
as planned (Fig. 3), and all of the sacral nerve roots as well as
the L5 nerve root were preserved. To restore sacroiliac con-
tinuity, a deep-frozen distal femoral allograft strut was placed
in the defect and fixed with four screws. Two of the four
screws were inserted into the residual ilium, and the other
two were inserted into the sacral promontory (Fig. 4). The
total surgical time from the patient’s entrance into the op-
erating room to his exit was 480 minutes. It took sixty-five
minutes for preoperative preparation, including patient po-
sitioning, draping, and navigation set-up, 295 minutes for
the tumor resection, and 120 minutes for the reconstruction.
The estimated blood loss was 2100 mL.
Postoperative Period
Histologic examination of the final biopsy specimen revealed a
grade-2 chondrosarcoma, which was an identical result to that
obtained from examination of the incisional biopsy, and
showed that all resection margins were free of tumor. The
postoperative course was uneventful. The patient walked on
crutches with partial weight-bearing for three months. Six
months after surgery, he had no difficulty with urination,
defecation, or sexual function; a computed tomography scan
of the pelvis showed no evidence of recurrent disease, and a
computed tomography scan of the chest revealed no evidence
of metastatic disease. The patient was able to walk without any
assistance.
Discussion
Even with improvements in treatment modalities, patientswith malignant neoplasms of the pelvic girdle are still at a
higher risk of having treatment failure than are patients with
a similar tumor located in an extremity. The reason for this
higher risk of treatment failure is related to the inadequacy of
the surgical margin obtained. Tumors with sacral involvement
have a higher prevalence of inadequate surgical margins than
tumors without sacral involvement3. Accordingly, an even sec-
tioning of the sacral nerve roots and/or a radical sacrectomy
may be necessary in order to obtain negative margins for tu-
Fig. 4
A distal femoral allograft was placed in the defect and fixed with four screws to restore sacroiliac continuity.
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mors that involve the sacrum4. Another problem associated
with tumors with sacral involvement is that the extensive
surgical procedures often affect neural function, especially in-
nervation of the bowel and bladder.
The concept of limb-salvage surgery is to maximize
preservation of function by minimizing unnecessary resection
yet have satisfactory oncologic results. Recent diagnostic mo-
dalities, such as magnetic resonance imaging and computed
tomography scanning, are valuable for locating tumors and
planning surgical resection, but they have some limitations
with regard to intraoperative identification and guidance, es-
pecially in the flat bones such as the pelvis and sacrum5.
Therefore, to minimize unnecessary resection, extremely ac-
curate intraoperative identification is necessary. The usefulness
and accuracy of intraoperative navigational guidance have been
evaluated under clinical conditions in orthopaedic operations,
such as spinal pedicle screw placement and total joint ar-
throplasty6,7. We applied the advantages of computer-assisted
surgery to the malignant sacral tumor in our patient. The
accuracy of intraoperative identification by navigation made it
possible to preserve all of the sacral nerve roots as well as
ensure excision of the tumor with an adequate margin. To
preserve the sacral nerve roots, a sacral osteotomy was per-
formed along the sacral foramina. If the sacral osteotomy had
been done medial to the sacral foramina, we could not have
preserved the nerve roots, although the nerve roots could have
been visualized after laminectomy. If the sacral osteotomy had
been performed along the foramina without navigation, there
would have been a great risk of contamination of the resection
margin.
The prerequisite to ensure the accuracy of computer-
assisted surgery is precise patient-to-image registration. In the
case of our patient, four Kirschner wires—one in each of the
two iliac crests and one in each of the two posterosuperior iliac
spines—were placed as fiducial markers in order to keep the
registration error to <1 mm before computed tomography
scanning for paired-point registration. Paired-point registra-
tion is a method that correlates an anatomical landmark on the
real body with a corresponding point on the image, point by
point. However, the precise correlation of a point on the body
with a corresponding point on the computer is not easy.
Moreover, some prominent osseous points that may be in-
cluded in the resection area should be excluded from the
landmarks for registration in tumor surgery. Therefore, pre-
operative placement of a Kirschner-wire as a fiducial marker
for paired-point registration, which can be performed under
local anesthesia, seems to be helpful in tumor surgery, espe-
cially in the area about the pelvis and sacrum. There are still
some disadvantages of using the navigation system in onco-
logic surgery. Use of the system requires additional costs and
time. In our case, it took about thirty minutes for navigation
setup and registration. In addition to intraoperative setup
time, placement of the fiducial markers and preoperative
planning took several hours. Another disadvantage is the ex-
posure of the patient to radiation from the preoperative
computed tomography scan. Even though the data acquired
with magnetic resonance imaging may be used as the naviga-
tion data by means of computed tomography-magnetic reso-
nance imaging fusion, computed tomography scanning is
required for precise registration in oncologic surgery.
High sacral amputation, which is indicated for tumors
involving the upper portion rather than the lower free portion
of the sacrum, usually requires combined anterior and poste-
rior approaches, even if the tumor is confined to the sacral
ala4,8. In the case of our patient, an iliac osteotomy allowed for
the dissection of the anterior face of the sacrum without use of
an anterior approach. The plane of cleavage was between the
anterior surface of the sacrum and the piriformis muscle.
Because the internal iliac artery and its branches were located
anterior to the piriformis muscle, dissecting along that plane
avoided major bleeding in our patient.
Other possible applications of computer-assisted surgery
in orthopaedic oncology are the preservation of the articular
cartilage during resection of the tumor around the joint and
the preservation of the growth plate in skeletally immature
patients by precise identification of the extent of the tumor
with use of the navigation. There have been several reports of
attempts having been made to preserve the adjacent articular
surface in skeletally immature patients who have a metaphyseal
sarcoma9,10. In these patients, intraepiphyseal resection was
performed with intraoperative fluoroscopic guidance because
the open physis could be used as a landmark for intra-
epiphyseal osteotomy. The application of computer-assisted
techniques may help to preserve the growth plate as well as the
adjacent articular cartilage in such patients. In skeletally ma-
ture patients, navigation may facilitate safe resection of a me-
taphyseal tumor while preserving the adjacent joint.
In this report, we have shown that the advantages of
computer-assisted surgery can be applied in the resection of
malignant sacral tumors. In appropriately selected patients,
this technique can be helpful in increasing the accuracy of
surgical resection and reducing the functional impairment that
is often seen after resection of a malignant sacral neoplasm.
However, the feasibility of applying computer-assisted surgery
in the treatment of malignant sacral tumors needs to be clar-
ified in studies that have a larger number of patients and a
longer duration of follow-up. n
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